Background: Ethnic differences in body fat distribution contribute to ethnic differences in cardiovascular morbidities and diabetes. However few data are available on differences in fat distribution in Asian children from various backgrounds. Therefore, the current study aimed to explore ethnic differences in body fat distribution among Asian children from four countries. Methods: A total of 758 children aged 8-10 y from China, Lebanon, Malaysia and Thailand were recruited using a non-random purposive sampling approach to enrol children encompassing a wide BMI range. Height, weight, waist circumference (WC), fat mass (FM, derived from total body water [TBW] estimation using the deuterium dilution technique) and skinfold thickness (SFT) at biceps, triceps, subscapular, supraspinale and medial calf were collected.
Background
Given the high and rapidly increasing prevalence of pediatric obesity and obesity-related health risks such as hypertension, metabolic syndrome, and type 2 diabetes in both developed and developing countries [1] [2] [3] [4] , body fat distribution, in addition to total body fat, is an important issue. Body mass index (BMI) and percentage of body fat (%BF) do not fully explain the ethnic differences in cardiovascular morbidity and diabetes [5] , despite the latter being well documented [6] [7] [8] [9] . An android fat pattern and central fat deposition is a stronger predictor of cardiovascular disease, type 2 diabetes and metabolic risk factors than overall adiposity in both adults and children [10] [11] [12] [13] .
Some previous studies investigated the ethnic difference in fat distribution in terms of a trunk and extremity model [11, 13, 14] , upper and lower body fat model [15] [16] [17] , and subcutaneous and visceral abdominal adipose tissue model [14, [18] [19] [20] , among Caucasians, blacks and Asian adults and children. Asians and blacks appear to have more central fat, upper body fat, subcutaneous and visceral abdominal adipose tissue than Caucasians. However the ethnic difference in fat distribution is less well understood, especially in children and adolescents due to the effect of sexual maturation on body composition [21] . Moreover, some studies also report different fat patterns among Asian adults from different origins [22] . However, to our knowledge, few data are available on the difference in fat distribution across Asian children from different backgrounds. A lack of understanding of ethnic differences in body fat distribution may result in the misuse or misinterpretation of results obtained from anthropometric indices. Data on body fat distribution of individuals from different ethnicities is necessary to better understand the risk of cardiovascular risk factor clustering in children. Accordingly, the purpose of the current study was to investigate the influence of ethnicity on body fat patterns in Asian prepubertal children from four distinctly different origins.
Methods

Participants
Participants from four Asian countries were involved including one East Asian country (China), one West Asian country (Lebanon), and two South-East Asian countries (Malaysia and Thailand). A non-random purposive sampling approach was used to recruit participants. In each country, 5-8 schools were selected and an advertisement sent to all 8-10 year-old students and their parents. Children who met the inclusion criteria (Tanner stage 1 of puberty and free from any diagnosed medical condition that might potentially interfere with body composition measurement) were enrolled in the study. In addition, given that fat distribution may differ with BMI status, a number of overweight and obese children (defined by WHO BMI classification for school-aged children and adolescents) were purposively recruited in each country. A total of 922 participants were recruited and 758 participants (220 Chinese, 154 Lebanese, 197 Malay and 187 Thai) completed all assessments. Ethnicity was determined by self-identification and by parents of participants who identified as having the same origin. Ethical clearance was obtained from the relevant committee in each participating country: Ethical Review Committee of National Institute for Nutrition and Food Safety, Chinese Center for Disease Control and Prevention, China; Institutiona Review Board, American University of Beirut, Lebanon; Medical Research and Ethics Committee of the Universiti Kebangsaan Malaysia, Malaysia; and Mahidol University Institution Review Board, Thailand. The study protocol was explained to the parent(s) and the children and written consent obtained from each child and/or their parent(s).
Anthropometric measurements
Height was measured to the nearest 0.1 cm using a portable stadiometer (Holtain, Crymych, UK). Fasting body weight was measured using a SECA TM electronic scale (Hamburg, Germany) to the nearest 0.1 kg with participants wearing only underwear after urinating in the early morning. BMI (kg/m 2 ) was then calculated as weight (kg) divided by the square of height (m). Waist circumference (WC) was measured using a tape to the nearest 0.1 cm midpoint between the lower costal border and the top of the iliac crest, and the measurement was taken at the end of normal expiration. Pubertal stage (genitalia development and pubic hair in boys, breast development and pubic hair in girls) was assessed according to the criteria of Tanner [23] by trained investigators in each country.
Skinfold measurements
Skinfold thickness (SFT) was measured using a Holtain T/W skinfold caliper (Holtain Ltd., Crosswell, Crymych, Pembs, SA41 3UF, UK) to the nearest of 0.1 mm according to the International Society for the Advancement of Kinanthropometry (ISAK) protocol [24] . Measurement sites included five skinfolds: biceps (the most anterior surface of the arm in the mid-line at the level of the mid-acromiale-radiale landmark), triceps (the most posterior surface of the arm over the triceps muscle), subscapular (2 cm along a line running laterally and obliquely downward from the subscapular landmark at a 45°angle), supraspinale (the line from the marked iliospinale to the anterior axillary border which intersects with the horizontal line at the superior border of the ilium), and medial calf (the most medial aspect of the calf at the level where it has maximal circumference). All measurements were taken twice and the mean was calculated. If the difference between the two measurements was more than 0.5 mm a third measurement was taken and the median was regarded as the skinfold thickness.
Trunk SFT (sum of subscapular and supraspinale) and upper extremity (sum of biceps and triceps) was used as the index for the absolute amount of trunk fat and upper extremity fat, respectively. WC was used as the indicator of the absolute amount of abdominal fat. Trunk/upper extremity ratio and supraspinale/upper extremity ratio were used as the indices for the relative distribution of fat mass in the trunk and extremities. Higher trunk SFT, WC, trunk/upper extremity ratio or supraspinale/upper extremity ratio indicates more trunk fat or central depots. Supraspinale/subscapular ratio was used to describe the upper to lower trunk fat distribution pattern.
Body fat assessment
The isotope deuterium dilution technique was used to predict FM from TBW and fat-free mass (FFM) values. In brief, a 5 mL sample of urine was collected before consuming a dose of the isotope to determine the basal deuterium level in the body. A 10% deuterium oxide dose of 0.5 g per kg body weight was given orally. A second urine sample was collected 5 h later to allow complete equilibration within the body water compartments. All urine samples from the four countries were sent to the laboratory at Queensland University of Technology, Australia for analysis. The enrichment of the pre-dose urine sample, post-dose urine sample, the dose given and the local tap water were measured by isotope ratio mass spectrometry (20:20 Hydra Model, PDZ Europa, Crewe, UK) and TBW determined. FFM was then derived from TBW using the Lohman's age-and gender-specific constants for hydration of FFM for children [25] . The absolute FM was derived by subtracting FFM from weight, based on the two-compartment body composition model.
In order to harmonize the data collection among the four countries, two training workshops were held for research staff from each centre. Moreover, the same equipment and procedures were employed in each country with all measurements taken following standardized operating procedures by the trained investigators.
Statistical analysis
All variables were transformed to achieve the normal distribution before analysis wherever necessary using natural logarithms. One-way analysis of variance was used to test difference in base characteristics and anthropometric parameters between sex and among ethnic groups. General linear model of analysis of covariance (ANCOVA) was employed to test the ethnic differences in body fat variables with Bonferroni multiple comparisons. The comparison of WC among ethnic groups was tested by ANCOVA adjusted for BMI and age. The comparison of SFT and trunk/extremity ratios among different groups was tested by ANCOVA adjusted for total body fat. The comparisons of upper/lower trunk fat ratio among different groups were tested by ANCOVA adjusted for trunk SFT. All statistical analyses were performed using SPSS version 13.0 (SPSS, Inc., Chicago, IL, USA). A two-tailed P < 0.05 was considered significant.
Results
Descriptive characteristics of the participants are presented in Table 1 by sex-ethnic subgroups. All participants were in the BMI range 12.2 to 34.9 kg/m 2 . There was a significant difference in height, weight, BMI and FM among Chinese, Lebanese, Malays and Thais in each sex except for weight, BMI and FM in girls. At a given BMI and age, boys from each country had a similar FM (P = 0.371), while there was a marginal significant difference in BMI and age-corrected FM among girls from the four countries (P = 0.047).
Skinfold thickness
There was a significant ethnic difference in biceps, triceps, subscapular, supraspinale, and medial calf SFT among Chinese, Lebanese, Malays, and Thais in each sex (P < 0.001) after adjustment for age and FM except for subscapular SFT in boys (Table 2) .
Central fat distribution pattern
There was a significant ethnic difference in trunk SFT among Chinese, Lebanese and Malays in each sex after adjustment for age and FM (P < 0.001) ( Table 2 ). In boys, Chinese and Malays had a similar trunk SFT and both had a higher value than the Lebanese. Chinese girls had a higher trunk SFT than Malays, who in turn were higher than the Lebanese. Significant differences in WC among ethnic groups was found in both boys and girls for a given BMI and age (P < 0.001) ( Table 2) . Chinese boys and girls had a similar WC to their Thai counterparts and both had a higher WC compared with their Lebanese counterparts, who in turn were higher than Malays for a given BMI and age. There was also a significant ethnic difference in trunk/upper extremity ratio among Chinese, Lebanese and Malays in each sex after adjustment for age and FM (P < 0.001) ( Table 2 ). In boys, Chinese had a higher trunk/upper extremity ratio than Malays, who in turn was higher than the Lebanese. In girls, the Chinese had a higher ratio than Lebanese and Malays with no significant differences between the latter two groups. A significant ethnic difference in supraspinale/upper extremity ratio was also found among Chinese, Lebanese, Malays and Thais in each sex after adjustment for age and FM (P < 0.001) ( Table 2 ). Chinese and Thai boys and girls had a similar supraspinale/upper extremity ratio and both had a higher value than Malays and Lebanese.
Upper/lower trunk fat Significant differences in subscapular/supraspinale ratio were found among Chinese, Lebanese and Malays after adjustment for the trunk SFT and age (P < 0.001) ( Table 2 ). Both Chinese boys and girls had a lower trunk fat-adjusted subscapular/supraspinale ratio compared with their Lebanese and Malays countrerparts.
Discussion
The current study explored ethnic differences in body fat distribution among the four ethnic groups in terms of absolute skinfold thickness at different sites, WC and the trunk to extremity ratios. Chinese boys and girls had a similar fat distribution pattern with Thai boys and girls and both groups had more trunk fat or central fat 
depots than Malays and Lebanese. Malays tended to have higher trunk/extremity ratios than Lebanese whereas lower WC than Lebanese at a given BMI.
Fat distribution patterns are more closely associated with cardiovascular disease, type 2 diabetes and metabolic risk factors than overall adiposity in both adults and children and contribute to explanations of ethnic differences in cardiovascular morbidities and diabetes [10] [11] [12] [13] . A number of previous studies have compared the body fat distribution patterns in Asians with those in Caucasians and blacks. In general, Asians have more central fat depots and visceral fat accumulation than whites in both children [13, 17] and adults [22, [26] [27] [28] [29] regardless of body composition measurement method used. Asian girls enter puberty earlier than white girls which results in shorter legs due to endplate closure in the long bones. However, trunk length continues to grow indicating a long period of pubescent growth. This apparent longer period of pubescence might contribute to the greater trunk FM in Asian girls [30] . It is difficult to make comparisons regarding differences in fat patterns between Asian and other ethnic groups because of the limited data among Asian children and adolescents from different backgrounds. Several studies in adults have reported on differences among Asians from different origins. For example, Lear et al. [22] reported that Chinese (China, Hong Kong, and Taiwan) had less dualenergy X-ray absorptiometry-derived FM while South Asians (Bangladesh, India, Nepal, Pakistan, and Sri Lanka) had more FM than their European counterparts at the same BMI. South Asians had higher FM and total abdominal adipose tissue (as determined by computed tomography) than Chinese at the same BMI. In another study conducted in Indian, Malay and Chinese Singaporeans, Indians had more central fat than Malays and Chinese, and both Malays and Indians had higher abdominal diameter (as measured at the level of the iliac crests with a ruler and tape) than Chinese [31] . Although different adiposity indices were used, our study confirms the differences in fat distribution among Asian children from different origins.
WC, a simple and practical index of visceral adipose tissue [32, 33] has been proposed as effective to predict metabolic risk factors in both children and adults [34] [35] [36] [37] . WC is also recognized as a key component of the metabolic syndrome in both children and adults [38, 39] . Therefore, some countries have developed their own WC percentiles for children and adolescents. Previous studies developed WC percentiles for Chinese and Malaysian children [40] [41] [42] [43] . Compared with white, black and Mexican children, Asian children tended to have a lower WC across ages in each sex. The lower WC in Asians can be explained, in part, by the smaller frame size compared to other ethnic groups. Ehtisham et al. [11] indicated that after controlling for height, weight or BMI, both Asian boys and girls aged 14-17 yr appear to have higher WC than their white counterparts. In contrast, Novotny et al. [15] found that Asian girls (11.8 ± 0.05 y) had lower WC than white and Hispanic children even after controlling for height and weight. The inconsistency in results may be, in part, due to the difference in age or stage of maturation and WC measurement site used (narrowest part of the waist, midway between the 10th rib and the iliac crest for the former study, at the level of umbilicus for the latter study). Ethnic differences in body composition vary according to age or pubertal status [44] and significant differences in WC values measured at different sites have been reported [45] . In addition, the difference in the Asian population in the two studies might be a major contributing factor to the inconsistent findings. The Asians in the former study were South Asians including Indian, Pakistani, Bangladeshi, and Sri Lankan, while those in the latter study were more representative of a general Asian population. The difference in other body composition variables among Asians from different backgrounds has been reported [22] so it may be hypothesized that WC will differ among Asians from different origins. Our study confirms this hypothesis indicating that Chinese and Thai children had higher WC values than the Lebanese at a given BMI and age, who in turn were higher than Malays.
One of the main limitations of the present study was the field measures of body fat distribution used rather than more advanced and specific measures such as dualenergy X-ray absorptiometry, magnetic resonance imaging or computed tomography which may provide additional insight into the racial influence on fat distribution. However, compared to these more expensive, advanced techniques which also require highly trained technicians, the anthropometric measures used are relatively simple and inexpensive. These advantages are not insignificant for epidemiological research and clinical practice as they provide an excellent opportunity to screen people with high risk. Moreover, measurement of subcutaneous fat with skinfold calipers has been shown to correlate well with that measured with computed tomography or magnetic resonance imaging [46, 47] and WC correlates well with fat distribution measured by dual-energy X-ray absorptiometry [32] . Another limitation to our study was the non-random population sample in each ethnic group. However, our study sample was purposively recruited to encompass a number of overweight and obese children. Given that fat distribution may differ with BMI status, data based on this sampling method are more convincing.
Conclusions
The current study indicates that Asian pre-pubertal children from different origins vary in body fat distribution with greater trunk fat depots in Chinese and Thai children compared with Malays who in turn have higher values than Lebanese. These results indicate the importance of population-specific WC cut-off points or other fat distribution indices to identify the population at risk of obesity-related health problems. 
